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Cross Reference to Related Applications 

[0001] This application claims priority to Taiwan Patent Application No. 92120356 

entitled "Method for Forming Aluminum Containing Interconnect", filed on July 25, 2003. 

Field of Invention 

[0002] The present invention generally relates to a method for forming an interconnect in 

a semiconductor device, and more particularly, to a method for forming an aluminum- 
containing interconnect in a semiconductor device. 

Background of the Invention 

[0003] As the density of integrated circuits increases, the interconnections (or 

metallization) between devices become more and more important. The multilevel 
metallization structure includes alternating layers of dielectric and metal materials. Most 
commonly, the metal layers mainly contains aluminum or aluminum alloy. Aluminum 
becomes one of the most important materials for metallization process because of its good 
conductivity, proper adhesion to other layers, and being easy to be etched. 

[0004] However, because the aluminum has a relatively low melting point and is 

susceptible to high temperature, extrusions are likely to occur from the sidewall of the 
aluminum-containing interconnects. As geometries have shrunk, the spaces between 
interconnects have decreased. Problems induced by extrusions of aluminum-containing 
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interconnects become more and more significant. For example, devices usually fail 
because of interconnection short due to extrusions of aluminum-containing interconnects. 
[0005] Therefore, there is a need to provide a method for forming an aluminum- 

containing interconnect capable of suppressing extrusions. 



Summary of the Invention 

[0006] One aspect of the present invention is to provide a method for forming an 

aluminum-containing interconnect which has a barrier spacer preventing extrusions from 
the sidewall of an aluminum-containing conductive layer. 

[0007] Another aspect of the present invention is to provide a method for forming an 

aluminum-containing interconnect, which has a barrier layer selected from a group 
consisting of titanium, titanium nitride and the combination thereof to encapsulate an 
aluminum-containing conductive layer and prevent interconnection short. 

[0008] In one embodiment of the present invention, a method for forming an aluminum- 

containing interconnect structure includes providing a substrate having a contact region. 
A first barrier layer, an aluminum-containing conductive layer, and a second barrier layer 
are sequentially formed over the substrate. The second barrier layer, the aluminum- 
containing conductive layer, and the first barrier layer are patterned to form an aluminum- 
containing interconnect, which is coupled the contact region and exposes a sidewall of the 
aluminum-containing conductive layer. A barrier spacer is then formed on the sidewall of 
the aluminum-containing interconnect. The first barrier layer, the second barrier layer, 
and the barrier spacer are independently selected from a group consisting of titanium, 
titanium nitride, and the combination thereof. Moreover, the barrier spacer is a titanium 
rich titanium nitride spacer having an atom ratio of titanium to nitrogen larger than 1 
(Ti/N>l). 

4NTC/0310US 2 



Brief Description of the Drawings 

[0009] The foregoing aspects and many of the attendant advantages of this invention will 

become more readily appreciated as the same becomes better understood by reference to 
the following detailed description, when taken in conjunction with the accompanying 
drawings, wherein: 

[0010] FIG. 1 illustrates a cross-sectional view of forming a second barrier layer in one 

embodiment of the present invention; 
[001 1] FIG. 2 illustrates a cross-sectional view of forming a patterned photoresist layer in 

an exemplary embodiment of the present invention; 
[0012] FIG. 3 illustrates a cross-sectional view of forming an aluminum-containing 

conductive layer in an exemplary embodiment of the present invention; 
[0013] FIG. 4 illustrates a cross- sectional view of forming a conformal barrier layer in an 

exemplary embodiment of the present invention; and 
[0014] FIG. 5 illustrates a cross-sectional view of forming a barrier spacer in an 

exemplary embodiment of the present invention. 



Detailed Description of the Invention 
[0015] The present invention discloses a method for forming an aluminum-containing 

interconnect. Referring to Fig. 1, in one embodiment, the method includes providing a 
substrate 100. The substrate 100 has a contact region 102. The substrate 100 can be a 
substrate at any stage of forming a semiconductor device which needs interconnection; for 
example, a memory device in the metallization stage. The contact region 102 can be any 
region requiring subsequent electrical connections, for example, a via contact region. A 
first barrier layer 110 is then formed on the substrate 100. The first barrier layer 110 is 
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formed, for example but not limited to, by using a material selected from a group 
consisting of titanium, titanium nitride, and the combination thereof. Then, an aluminum- 
containing conductive layer 120 is formed on the first barrier layer 110. The aluminum- 
containing conductive layer 1 20 can be an aluminum layer, an aluminum alloy layer, and 
the combination thereof. The aluminum alloy can be, for example, aluminum copper alloy. 
A second barrier layer 130 is formed on the aluminum-containing conductive layer 120. 
The second barrier layer 130 is formed, for example but not limited to, by using a material 
selected from a group consisting of titanium, titanium nitride, and the combination thereof. 

[0016] As shown in Fig. 2, a hard mask layer 140 is optionally formed on the second 

barrier layer 130. The hard mask layer 140 enhances the protection for the underlying 
layers against the etching process. Then, the second barrier layer 130, the aluminum- 
containing conductive layer 120, and the first barrier layer 110 are patterned to form an 
aluminum-containing interconnect 150 (the hard mask 140 is also patterned if it is 
implemented). As shown in Fig. 3, the aluminum-containing interconnect 150 couples the 
contact region 102 and exposes a sidewall 152. Referring to Fig. 2, the step of forming 
the aluminum-containing interconnect 150 includes forming a patterned photoresist layer 
160 on the hard mask layer 140. If no hard mask layer, the patterned photoresist layer 160 
is directly formed on the second barrier layer 130. The patterned photoresist layer 160 
defines the aluminum-containing interconnect 150 and cane be formed by conventional 
photoligraphy processes. Then, the hard mask layer 140, the second barrier layer 130, the 
aluminum-containing conductive layer 120, and the first barrier layer 110 are etched to 
form the aluminum-containing interconnect 150 by using the patterned photoresist layer 
160 as a mask. As shown in Fig. 3, the patterned photoresist layer 160 is then removed. 

[0017] A barrier spacer 170 is formed on the sidewall 152 of the aluminum-containing 

interconnect 150 so as to prevent extrusions of the aluminum-containing conductive layer 
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120 and connection short of the interconnects. As shown in Fig. 4, the step of forming the 
barrier spacer 170 includes forming a conformal barrier layer 165 on the aluminum- 
containing interconnect 150 and the substrate 100. The conformal barrier layer 165 can be 
a layer selected from a group consisting of titanium layer, titanium nitride layer, and the 
combination thereof. In other words, the conformal barrier layer 165 is formed over the 
substrate 100 with the profile of the aluminum-containing interconnect 150 by using a 
material selected from a group consisting of titanium layer, titanium nitride layer, and the 
combination thereof. For example, the conformal barrier layer 165 is a titanium/titanium 
nitride or titanium nitride/titanium layer having a thickness about 300 A. When the 
titanium layer has a thickness in a range from 0 to 300 A, the titanium nitride layer has a 
thickness in a range from 300 to 0 A. Furthermore, the conformal barrier layer can be a 
titanium rich titanium nitride layer having an atom ratio of titanium to nitrogen larger than 
1 (Ti/N>l). Then, the conformal barrier layer 165 is ani so tropically etched to form the 
barrier spacer 170, such as titanium spacer, titanium nitride spacer, or titanium/titanium 
nitride spacer. It is noted that by adjusting the thickness of the conformal barrier layer 165 
the thickness or the width of the barrier spacer 170 can be controlled. 

As shown in Fig. 5, the first barrier layer 1 10, the second barrier layer 130, and the 
barrier spacer 170 encapsulate the aluminum-containing conductive layer 120 so as to 
prevent extrusions of the aluminum-containing conductive layer 120 and connection short 
of interconnects and improve the device reliability. It is noted that though exemplary 
materials for the first barrier layer 1 10, the second barrier layer 130, and the barrier spacer 
170 are titanium, titanium nitride, or titanium/titanium nitride, they can be independently 
selected to be the same or different material. Furthermore, the titanium, titanium nitride, 
or titanium/titanium nitride layer can be formed by conventional sputtering or deposition 
processes, or the titanium layer can be converted to the titanium nitride layer by nitridation 
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processes. The method further includes a step of filling the space between the aluminum- 
containing interconnects 150 with dielectric materials and other steps for complete 
formation of a device. 

[0019] Although specific embodiments have been illustrated and described, it will be 

obvious to those skilled in the art that various modifications may be made without 
departing from what is intended to be limited solely by the appended claims. 
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